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(VITT) — a novel clinico-pathological entity with heterogeneous
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Introduction

Summary

Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a novel
entity that emerged in March 2021 following reports of unusual thrombosis
after ChAdOx1 nCoV-19, (AstraZeneca) vaccination. Following the recog-
nition of this syndrome, multiple consensus guidelines have been released
to risk stratify patients presenting with possible symptoms after ChAdOx1
nCoV-19 vaccination. All guidelines rapidly identify VITT in patients with
the complete triad of thrombocytopenia, thrombosis and elevated D-dimers
after ChAdOx1 nCoV-19 vaccination. However, with earlier recognition of
the associated symptoms, the clinical manifestations are likely to be more
heterogeneous and represent an evolving spectrum of disease. In this set-
ting, current guidelines may lack the sensitivity to detect early cases of
VITT and risk missed or delayed diagnoses. The broad clinical phenotype
and challenges associated with diagnosis of VITT are highlighted in our
present case series of four patients with confirmed VITT. Dependent on
the guidance used, each patient could have been classified as a low proba-
bility of VITT at presentation. The present study highlights the issues asso-
ciated with the recognition of VITT, the limitations of current guidance
and the need for heightened clinical vigilance as our understanding of the
pathophysiology of this novel condition evolves.

Keywords: vaccine, thrombosis, thrombocytopenia, COVID-19, cerebral
venous sinus thrombosis, splanchnic vein thrombosis.

marked thrombocytopenia (<20 x 10°/1) together with ele-
vated D-dimers and hypofibrinogenaemia were observed.

In March 2021, European health regulators were alerted to
case reports of thrombocytopenia and thrombosis, often in
atypical sites, occurring after administration of the Vaxzev-
ria vaccine (ChAdOx1 nCoV-19, AstraZeneca). As of 4
April 2021, a total of 169 cases of cerebral venous sinus
thrombosis (CVST) and 53 cases of splanchnic vein throm-
bosis (SVT) had been reported to the European drug safety
database EudraVigilance. This thrombotic syndrome, since
named vaccine-induced immune thrombotic thrombocy-
topenia (VITT), has been reported to predominately affect
females (80%) and those aged <55 years. In some instances,
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On 13 April 2021 the European Medicines Agency (EMA)
and AstraZeneca released a joint statement that a causal
relationship between ChAdOx1 nCoV-19 and VITT was
plausible.! Six cases of a similar syndrome have recently
been reported following AD26.COV2.S vaccination (Johnson
& Johnson).? Nevertheless, European regulators have recom-
mended that the benefits of vaccination with ChAdOx1
nCoV-19 and AD26.COV2.S continue to outweigh the risks
and recommended continued use of both vaccines, with
increased public and physician awareness of the signs of
VITT required.
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Although VITT pathophysiology remains under investiga-
tion, recent studies have demonstrated high levels of platelet
factor 4 (PF4) antibodies in affected individuals in the
absence of previous heparin exposure.”” As a result, the PF4
immunoglobulin G (IgG) enzyme-linked immunosorbent
assay (ELISA) has become central in VITT diagnostic algo-
rithms.*'! Multiple national and international consensus
guidelines regarding VITT diagnosis and management have
been published in the last few weeks.*'" These guidelines
have been developed based upon the laboratory and clinical
findings observed in the initial VITT cases. Critically how-
ever, it is becoming increasingly clear that VITT may encom-
pass a broader range of clinico-pathological presentations. In
the present study, we present four VITT cases developing
after a first dose of ChAdOx1 nCoV-19. Importantly, these
cases highlight concerns with respect to the use of current
VITT guidelines. In particular, these cases demonstrate that
strict adherence to proposed diagnostic criteria may lead to
delayed or even missed VITT diagnosis in some affected
individuals. Given the fact that VITT requires specific treat-
ment regimens and has been associated with significant mor-
tality, we believe these cases serve as an important exemplar
to focus attention on the potential clinical heterogeneity of
this emerging VITT entity.

Clinical cases

Case 1

A 29-year-old healthcare worker developed a short-lived
bilateral visual disturbance followed by a headache, nausea,
vomiting and leg cramps 7 days (D+7) after Vaxzevria
(ChAdOx1 nCoV-19, AstraZeneca) vaccination. She had no
past medical history and was not on any regular medica-
tions. Clinical and neurological examinations were normal.
Initial assessment demonstrated that she had a mild
thrombocytopenia [136 x 10°/; normal reference range
(NRR) 140-450 x 10°/1] and markedly raised D-dimers
(4.8 mg/l; NRR <0.5 mg/ml) (Table I). A previous platelet
count from the year 2020 was within the normal range.
Doppler ultrasonography (US) of her lower limb was nor-
mal and she was discharged. She re-presented at D+10 due
to worsening headache, with progressive thrombocytopenia
(61 x 10°/1), elevated D-dimers (5.2 mg/l) and a normal
fibrinogen (2.6 g/l; NRR 1.9-3.5 g/l) (Fig 1A). Computed
tomography (CT) Brain and venogram were normal, but
she was admitted and haematology consulted (D+12).
Despite the lack of thrombosis, VITT diagnosis was con-
sidered and testing demonstrated strongly positive anti-PF4
IgG ELISA, with a strongly positive result [optical density
(OD) 2-242 units (u), D+12]. Apixaban 5 mg twice daily
(BD) orally (PO) was commenced (platelets 71 x 10%/1,
normal fibrinogen). Subsequent magnetic resonance (MR)
Brain and venogram (D+13) and repeat Doppler US of
the lower limbs (D+14) demonstrated no thrombosis.

Abdominal examination and liver function tests were nor-
mal. As splanchnic vein thrombosis has been associated
with VITT, a CT abdomen and pelvis was performed on
D+14 and identified occult right portal vein and hepatic
vein thromboses. Later that day the modified heparin-
induced platelet activation (HIPA) and PF4-induced plate-
let activation (PIPA) assays were confirmed as positive
(D+14). Consequently she was treated with intravenous
(IV) Ig (1 g/kg for 2 days) and argatroban (2 pg/kg/min,
IV) was commenced until the platelet count normalised
(D+16, Fig 1A), when she switched back onto apixaban
(10 mg BD PO).

Case 2

A 38-year-old man with cerebral palsy (non-verbal) pre-
sented at D+16 after Vaxzevria (ChAdOx1 nCoV-19, Astra-
Zeneca) vaccination with a 2-day history of bruising and
petechiae; otherwise clinical assessment was unremarkable.
Investigations demonstrated thrombocytopenia (24 x 10°/1)
and elevated D-dimers (>4 mg/l; NRR <0.5 mg/l, Table I).
On D+17 a haematology assessment was requested after a
family member remarked on a subtle tachypnoea. CT pul-
monary angiogram identified two proximal pulmonary
emboli (PE) and anti-PF4 IgG ELISA testing was positive
(OD 2:48 u; NRR <0-4 u, D+17). The patient was treated
with IVIg (1 g/kg for 2 days). As the platelet count increased
to >30x 10°/l on D+17, therapeutic anticoagulation with
argatroban (2 pg/kg/min, IV) was initiated (Fig 1B). This
was transitioned to apixaban 10 mg BD PO on D+19 due to
difficulty maintaining IV access and nausea with further pla-
telet recovery (84 x 10°/1). Platelet activation assays taken
on D+17 were reported on D+24, with a negative HIPA, but
positive PIPA assay.

Case 3

A 50-year-old female with no previous medical history or
risks for thrombosis developed a severe thunderclap headache,
nausea and vomiting at D+20 after Vaxzevria (ChAdOx1
nCoV-19, AstraZeneca) vaccination. She attended the local
acute ambulatory care unit 3 days later (D+23) and was
mildly thrombocytopenic (110 x 10°/l; NRR 150-450 x 10°/
1) (Table I). CT angiogram excluded a subarachnoid haemor-
rhage, but a possible filling defect was noted in the right
transverse and sigmoid sinus. This was confirmed as a dural
venous sinus thrombosis on CT venogram (D+24). At that
point her platelet count was recovering to 135 x 10°/1 with
normal D-dimers (0-37 mg/l; NRR <0.5 mg/l) and fibrinogen
(2-82 g/l; NRR 2-4.5 g/l) (Fig 1C). She was commenced on
therapeutic low-molecular-weight heparin [LMWH; enoxa-
parin 1 mg/kg BD subcutaneous (SC)]. A VITT diagnosis was
considered and heparin-PF4 IgG ELISA on D+26 was strongly
positive (OD 2:2 u; NRR <0-4 u). Anticoagulation was
changed to fondaparinux (7.5 mg once daily SC) and IVIg
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Fig 1. Clinical timeline following admission. For each patient the platelet count (red closed circles) is represented on the left y-axis with the lower
limit of normal indicated by the dashed red line. D-dimers (blue open triangles) are graphed on the right y-axis, with the upper limit of normal
for D-dimers indicated by the blue dashed line. The timing of thrombosis, positive anti-PF4 IgG ELISA, use of anticoagulation and IVIg are indi-
cated over each graph. A, Argatroban; CVST, cerebral venous sinus thrombosis; D, Direct oral anticoagulant use; ELISA, enzyme-linked
immunosorbent assay; F, Fondaparinux; IgG, immunoglobulin G; 1V, inravenous; L, therapeutic low-molecular-weight heparin; PE, pulmonary
embolism; PF4, platelet factor 4; Pos, positive anti-PF4 IgG ELISA; PVT, portal vein thrombosis; W, Warfarin. [Colour figure can be viewed at

wileyonlinelibrary.com]

(0.5 g/kg for 2 days) and prednisolone (30 mg PO) were
given. Throughout her inpatient stay, both fibrinogen and D-
dimer levels remained within the NRR with only a mild tran-
sient thrombocytopenia (nadir 110 x 10°/1, Fig 1C). She was
transitioned to warfarin and discharged on D+33 on tapering
prednisolone.

Case 4

A 35-year-old woman presented at D+14 after ChAdOxl
nCoV-19 vaccination due to headache, persistent bruising
and petechiae, first noted at D+10. Initial blood tests demon-
strated thrombocytopenia (50 x 10°/1), a mildly prolonged
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www.wileyonlinelibrary.com

Atypical VITT

“3[qe[reae 10u Sunsd) VSITH LIH 219YM

“BIU

-2d01£>0quIoIy) S1}OqUIOIY) SUNUIWT PIdNPUI-UDIBA ‘LIJA Tewrou jo jrury taddn NN ‘s19718[d S)[d F 1010%] 19pre[d FIJ ‘SISBISOWIRH PUE SISOQUIOIY], WO £19100§ [eUOTRWINU] ‘HIST ‘O UIn

-qoSounwur ‘93] Sunsay ([JH) eruadoilooquiory], paonpuy utredsy ur pasn £[snomaid ‘ySITd DI Fd-nue yVSITd LIH ‘Aesse uoneanoe 1opie[d paonpur-utreday ‘VJIH Sunydsiojeseisowiel] pun

-9sOqUIOIY], INJ Jeyds[[esen) ‘HIO uddouriqy ‘qry ‘Aesse Juaqrosounurwir payul[-awizud ySITq ‘eued £3ojojewsel] j1odxyg ‘qHI Pwp-q ‘G ‘Aep ‘(@ SISOQUIOIY) SNUIS SNOUIA [BIGRID ‘ISAD

LLIA pawadsns = ‘syd
moJ ‘uoryejuasaid 1e urdewrr uo SISOqUIOIY) ANO. ON :F B
LLIA A[Iun Qurenauir pajsaddns apisyno = uonejussard
18 ¢7+d ‘ad rewou nq syd mop PIm [SAD € aseD)
LLIA pawadsns = uorssiupe
311y Je stsoquroay) jo sudrs ou inq sjd moT :g aseD)
LLIA pawadsns = ‘sjyd

eruadolfooquuoryy
I0/pue SISOQUIOIY[T,

Aesse VATH
payIpow 9ANISOq
VSITd LIH °AnISOq

eruadoyfooquuoryy
I0/pue SISOQUIOIY[],

mo[ uonjejuasard je SurSewr uo SISOqUIOIY) AINdE ON :] ISED 91+ O (1 91+ 03} ¥+ GHILOD
LLIA U = dd
ySry ‘s3id mof cuonejuasard Je Surdewt uo SISOqUIOIY) AINOE ON F IseD)
LLIA paadsns = (q [ewiou Inq s3[d Mo (aim TSAD ¢ 9sED VSITH LIH 2ARIsod
LLIA &Y1[un = uoissiupe 1/,0T X 0SI< S}d ANV «NINF X< dd
111 Je STsoquIOIY) Jo sudrs ou Inq sjd mo7 :z ase)  Surdewt Wo SISOqUIOIY) OU /01 X 0ST> sid /01 X 0ST> sid
LLIA 3ou = J 10 SISOQqUIOIY) Jo sudrs ANV SISOQUIOIY} Ny SISOQUIOIY) AJNOY
y3y “syid mof ‘uonejuasard je SurSewrr uo SISOqUIOIY) 2)NOE ON :] IseD) oU 10 @7+ 0} H+(I dPISINQ 87+ 01 H+(1 87+ 01 +( JHISI
LLIA A[Iun = SUTU22108 [eIIUT UO SISOQUIOIY) ON :F 35D SISOQUIOIY} ON
LLIA 4A1un = qui/qq [ewtou inq sjd mo] (M JSAD ¢ 98D J0 [euniou (( 40 [/,01 X W[y poo[q [etrioN
LLIA &@Y1[un = uoissiupe 0ST< sid 10 O+ Toye /0T X 0ST> $3d i(sisoquiory )
181y e sisoquioay) jo sudts ou Inq siyd Mo :7 aseD) 10 ¢—T+( Ie Sunuasaig ANV SISOQUIOIY} oY epeue)
LLIA APYIun = Surua2a1ds [BN)IUT UO SISOQUIOIY) ON :] SBD oW eLIAILD SUIMO[[0] J] 02+ 01 ¥+ SISOQUIOIY],
LLIA 2[qeqoxd = 000¥< @ pue sijd Mo Inq SISOqUIOIY) ON :f 3seD) VSITH LIH 2AnIsSOq
LLIA d[qssod = aq [ewou inq syd mof yum ISAD ¢ 95eD qr [ewrou pue qr] mof +
LLIA [qeqoxd = sisoquioxty 000> A ymm /(0T X 0ST> $3d YO/ANV uopIdsns dd pestey
Jo suSIs ajerpawIl ou ‘Q00F< (I ‘SHd MOT 7 3seD) junod 3apa3e[d mof SISOQUIOIY) JNOY  [edrurp Suoxns /01 X 051> S¥d
LLIA 219eqoxd = 000%< 10 SISOQUIOIY} AINOY 8T+ 01 G+d  YIM 0007 < AA SISOqUIOIY} N1y
aa pue syd mo[ Inq SUIURIOS [BNIUL UO SISOQUIOIY} ON] :[ 358D 87+ 01 ¢+d $9s€d 9[qIssod, 10 0007 < Aa 8T+ 01 6+ ordHA N
:uonejuasaxd je uoneudisse jusned ased A[yIun ased pajoadsng ased 9[qeqoid ased AUy surpPpmo

*2duepms Juarmd o) Surpiodde uorsstwpe Je Juaned yoes Jo uonesyisse[) °If Qe

© 2021 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd



M. Lavin et al.

“e1u2d01450qUIOIY) dNOQUIOIY) SUNWIWIT PIONPUT-dUIRA ‘I TTA F 10108] 19[93e[d ‘p1d ‘erusdoifooquioryy paonpur urreday ‘IJH Aesse JUIQIOSOUNUIWIT PIMNUI[-OWAZUD VST

'syop01e[d

PUe $Id YIM 10BII-SSOId Jey) SAIPOqIIue pajedl

-3uDOeA 10 dUdeA 0) anp uondnpoid Apoqunueoine
pdd-nue o) anp st ydId aansod Jr reapupn

‘utreday asop mof Jo aouasaxd ayy ur uoneSai3e
jo[o1e[d JO JUAWADUEYUL URY) IaYIeI UONIQIYUT

‘urreday jo juapuadapur ‘voneanse japlerd saoueyuo
ewsepd/wmnias Juaned M Fid Jo 2oussaxd oy ‘sased aanisod-ydId ul
"Pappe st #dd [euonippe ‘utredoy
Jo peasur Inq ewse[d/wnioes yuaned yim pajeqnour are spdppIe[d Touo(
‘Fdd paseaiour
Jo 2ouasaxd oy ur syopare[d areanoe sarpoqnue judned Jr sajeSnsoAu]
p 1V 12 IYIRURID Aq PAqHSIP 1SIY “VATH PIYIPON
‘uoneSoi33e
pue uoneanoe japle[d Touop saonpur pue sioydadar 39pe[d 03 spuiq
e xo[dwod yiJ-Apoqnue-utredsy jo uoneurtoj saridwr aanisod ydrH
‘urreday pue ewserd/wnios Juaned yim pajeqnour are s)apie[d Jouoq
‘utreday

(Vdld) uoneanoe
Kesse Teuonoung 19191e[d paonpul-1d

(VdIH) uoneanoe

moys Aewr JIJA qIm syuaned ‘ITH 03 Isenuod uf Jo 2ouasaxd oty ur syaple[d a1eAnioe satpoqnue juaned J1 sajednsoau] Kesse euonouny 1ope[d paonpur-utredoyq
saTpoquiue Aesse

Juawssasse I ITA Pue LIH Yioq Ul pas() urreday/F1d-n1ue jo ouasaid a1} 10939p 03 yoeordde paseq ySITH [ed18o1ounuruy VSITd $Id-Duy

SIJON WISTURYDIA adAy Aessy SUIBU 1837,

"LLIA JO JUSWISSasse ) ul pasn sAessy T[T d[qe],

© 2021 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd



prothrombin time (PT, 12.7 s; NRR 9-6-11.8 s) and acti-
vated partial thromboplastin time (APTT, 31-3 s; NRR 20-8—
30.8 s), as well as hypofibrinogenaemia (1-16 g/l; NRR 1-5—
4 ¢g/l) (Table I). Her D-dimer was markedly elevated at
9-83 g/l (NRR <0-42 g/l), as reported previously.'”> A MR
venogram did not identify any intracranial thrombosis. An
anti-PF4 IgG ELISA was strongly positive (OD 2-876 u;
NRR < 0-4 u, D+14). Given emerging reports of VITT at
that time, the patient was anticoagulated pre-emptively with
apixaban (2.5 mg BD, increased to 5 mg BD on normalisa-
tion of platelets and fibrinogen), with gradual normalisation
of thrombocytopenia, D-dimer and fibrinogen over the fol-
lowing days (Fig 1D).

Discussion

Over recent weeks, the concept of VITT has emerged as an
entirely novel clinical entity that can be associated with sig-
nificant morbidity and mortality, even in young and other-
wise healthy recipients. The limited clinical data regarding
this rare disorder associated with use of coronavirus disease
2019 (COVID-19) adenoviral vaccines has posed significant
clinical challenges. To address this issue, a variety of guideli-
nes have been rapidly developed with the aim of assisting
physicians in VITT diagnosis and management. Perhaps
unsurprisingly given the limited data available, there are sig-
nificant differences between different VITT guideline recom-
mendations (Table II). The guidelines all consistently identify
patients with VITT who present with a ‘classical’ clinical
triad of thrombosis, thrombocytopenia and elevated D-
dimers after vaccination. However, we believe that the
clinico-pathological spectrum associated with VITT may be
much wider than first envisaged. This hypothesis is sup-
ported by the cases presented in the present study.

For Case 1, despite symptoms of concern for VITT (throm-
bocytopenia with high D-dimers) she was discharged home on
her first presentation due to a negative Doppler US. She re-
presented with worsening headache and was found to have
increased thrombocytopenia, but symptom-directed radiologi-
cal assessment still failed to detect objective evidence of throm-
bosis. Based on these data, the patient would be classified as
‘probable VITT’ wusing the UK Expert Haematology
Panel (EHP) guidance, ‘suspected VITT’ with the German
Gesellschaft fiir Thrombose- und Hémostaseforschung (GTH)
criteria, ‘unlikely VITT” according to the Thrombosis Canada
guidelines and ‘not VITT by the International Society on
Thrombosis and Haemostasis (ISTH) criteria (Table II). Criti-
cally, depending on which guidance was followed, anti-PF4
IgG testing may thus not necessarily have been performed and
VITT diagnosis may have been entirely missed. Ultimately,
portal vein thrombosis in this patient was only detected
because the positive anti-PF4 IgG ELISA result triggered imag-
ing for possible splanchnic vein thrombosis.

Although Case 2 had more marked thrombocytopenia,
history was limited due to communication difficulties and

Atypical VITT

clinical examination was significant only for bruising and
petechiae. Accordingly, this patient would be classified as
‘unlikely VITT’ using the Canadian and ISTH guidance
(Table II). Conversely, the elevated D-dimer would result in
‘probable VITT’ according to the UK EHP guidance.
Although isolated thrombocytopenia would prompt further
investigations as per the German GTH recommendations, it
is notable that this patient first presented at D+16. Any fur-
ther delay in presentation would have placed this patient
beyond the GTH timeframe (symptoms 4-16 days after vac-
cination, Table II). Critical to accurate diagnosis in this
patient was a high clinical suspicion coupled with a low
threshold for performing radiological investigations, which
ultimately enabled prompt PE identification. In this patient
the standard HIPA assay was negative. However, the novel
PIPA assay, involving the addition of exogenous PF4 to
enhance the antibody mediated platelet activation, was posi-
tive confirming the diagnosis of VITT (Table III).* In a series
of 24 patients with VITT, HIPA testing was positive in only
five of 24 patients, with inhibition of platelet activation by
LMWH in 19/24 patients. In contrast, 23/24 exhibited a posi-
tive PIPA assay, highlighting the role of PF4 in this condi-
tion.* Variation in functional platelet laboratory assessments
was seen in our present cases, with a positive HIPA and
PIPA in Case 1, but a negative HIPA with positive PIPA for
Case 2. This underscores the need for carefully directed spe-
cialist testing when functional platelet assays are used in the
assessment of VITT.

Case 3 raises particular clinical concerns as she had nor-
mal D-dimer and fibrinogen levels throughout. In addition,
her initial presentation at D+23 is beyond the ‘window’ pro-
posed for VITT consideration in the Thrombosis Canada
and German GTH guidelines. Based on the Thrombosis
Canada guidance, this patient would be classified as ‘unlikely
VITT’. In contrast, the ISTH guidelines would classify as
‘suspected VITT” and the UK EHP as ‘possible VITT” due to
the combination of thrombocytopenia and thrombosis
despite normal D-dimers.

Case 4 contrasts starkly to the other cases, as no objec-
tively confirmed thrombosis was identified. However, this
patient presented with hypofibrinogenaemia and mild pro-
longations of both PT and APTT. In our other three cases,
fibrinogen, PT and APTT remained entirely normal through-
out their clinical course. Due to the presence of thrombocy-
topenia but lack of thrombosis, this patient would be
classified as ‘probable VITT” using the UK EHP guidelines,
‘suspected VITT® with the German GTH criteria, ‘unlikely
VITT’ with the Thrombosis Canada guidance, ‘not VITT’
using the ISTH criteria (Table II) and may not have been
referred for anti-PF4 IgG ELISA testing.

Initial reports outlined similarities between VITT and
autoimmune heparin-induced thrombocytopenia (HIT), a
condition associated with unusually severe thrombocytope-
nia, thrombosis and disseminated intravascular coagulation
(DIC).*” In the case series from Greinacher et al.* five of 11
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patients had evidence of DIC all with markedly elevated D-
dimers (>10 mg/l). Although hypofibrinogenaemia was com-
mon in the UK series (14/23 patients) only three had associ-
ated prolongations of both PT and APTT, and D-dimer
levels in these patients varied.” In our present series, only
Case 4 had hypofibrinogenaemia with a mild prolongation of
PT and APTT. This patient had the most significant derange-
ment of D-dimers (9-83 mg/l), but no detected thrombosis.
These interindividual variations may reflect differing manifes-
tations of the induced immune response in VITT, varying
from a predominantly hyperfibrinolytic picture to overtly
thrombotic phenotype.

Current guidelines serve to improve awareness of VITT,
but classification is based on clinical and laboratory data at a
single time-point. These cases highlight that the cases may
vary dynamically over time with both frequent reassessment
and consideration of screening for occult thrombosis
required. With improved awareness of this condition it is
more likely that patients may present earlier, while the disor-
der is still in evolution. Physicians should therefore not dis-
count the possibility of VITT in patients with two of the
three key features, as this may represent an evolving pheno-
type. In this instance, we would advocate to proceed to anti-
PF4 IgG ELISA testing with close monitoring of clinical
parameters and screening for thrombosis at typical sites, even
in the absence of symptoms.
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